Oleanolic acid, one of the most known triterpenes, was subjected to different chemical transformations within C-3 β-hydroxyl group, a double bond between C-12 and C-13, and a carboxyl function at C-17 in order to obtain new derivatives. The key compound consists of four six-membered rings (A, B, D, E) and one enlarged ring (C ring) containing a nitrogen atom and a carbonyl function -lactam. This type of derivative can be obtained by Beckmann rearrangement of the appropriate oxime. The lactam can be transformed into thiolactam with the use of Lavesson's reagent. The method is also presented for new derivatives synthesis, as well as their structure elucidation by spectroscopic means.
Oleanolic acid is a very-well tested compound that is broadly distributed in the plant kingdom. This acid is present, often together with other triterpenes, in a great number of plant sources [1] . The presence of a β-hydroxyl group at C-3, a double bond between carbons 12 and 13, and a carboxyl function at C-17 allows the possibility of performing a set of transformations that lead to many new derivatives.
For many years oleanolic acid has been subjected to numerous tests to determine its biological activity [eg. 2 and works cited within]. These efforts were focused on obtaining new types of derivatives with special pharmacological activity [eg. 3-7 and works cited therein].
Lactam derivatives are a special type of new compound within oleanolates. Lactams are internal amides. The nitrogen atom constitutes an element of a ring. The lactam system appears in numerous compounds with pharmacological activity, for example, psychotropic drugs, antiviral medicines and antibiotics.
There are only a few known derivatives of oleanolic acid with a lactam system. The first sythesis of this type of compound was published in 1971 [8] . The scientists developed a method of oleanolic acid azaderivatives synthesis with an expanded A-ring, pyridine as solvent, and tosyl chloride as a rearrangement activator. The reaction was carried out at 100 o C for 3 hours. Two main products were separated, one with a nitrile function and cleaved A-ring (about 24%), and the second with a sevenmembered lactam system (32%). Sundararamaiah et al. [9] performed some experiments with the usage of phosphoryl chloride as a rearrangement agent in pyridine at either slightly elevated temperature (30 -35 o C) or at 130 o C. Better results were obtained in the latter case and the yield of nitrile and lactam were 12% and 40%, respectively.
The next azaderivative of oleanolic acid was obtained in 1974 [10] . The new compounds contained two nitrogen atoms, one within a morpholide function, and the second within a lactam or nitrile system. The synthesis was performed in pyridine with the use of tosyl chloride as a rearrangement activator at room temperature. The nitrile was obtained in a yield of 74%, but the yield of lactam is unknown.
The synthesis of a six-membered lactam system within an oleanolic acid molecule is also known, but this compound is deprived of its C-23 and C-24 angular groups [11] . As a result of phosphorus pentachloride action on methyl oleanolate at -15 o C, dehydratation took place and a new bond between C-3 and C-5 was formed. Further transformation led to a product with a five-membered Aring of the nor-type and with a C-3 carbonyl group. This compound, when treated with hydroxylamine hydrochloride, formed an oxime that by the action of phosphorus pentachloride was transformed into a lactam.
Oleanolic acid (1) used for transformations was isolated by us from a by-product residue obtained during production of mistletoe extract. The triterpenic acid was transformed into its methyl ester (2) . Physico-chemical and spectral data of both compounds were in agreement with literature data [12] . Next, methyl oleanolate (2) was acetylated with 10 equiv. of acetic anhydride in anhydrous pyridine to give methyl 3-acetoxyoleanolate (3), the spectral data of which were in accordance with those in the literature [12] . On oxidation of 2 with 2 equiv. of 3-chloroperbenzoic acid in dry CHC1 3 at room temperature overnight, methyl 3-acetoxy-12,13-epoxyoleanolate was formed. The crude product was purified by column chromatography. Under acidic conditions, the 12,13-epoxide underwent hydrolysis and furher oxidation to form the 12-oxo compound. Pure product (4) was obtained as oil that solidified after cooling. The crystallization from ethanol led to white needles, the physico-chemical and spectral data of which were in agreement with those in the literature [13] .
The product of the above reaction was converted into the appropriate hydroxyimine compound by the action of hydroxylamine hydrochloride in ethanol. The total transformation of ketone 4 into oxime 5 finished after 3 hours of heating; the yield was about 80%. After crystallization from ethanol, 3β-acetoxy-12hydroxyiminoolean-28-oic acid methyl ester (5) formed white crystals.
The obtained 12-oxime (5) was subjected to Beckmann rearrangement in pyridine at room temperature with phosphoryl chloride as Lewis acid (rearrangement agent). As a result, a mixture of at least three compounds was obtained with one of them, the most polar, as the main product. The mixture was subjected to column chromatography and derivative 6 was isolated in about 70% yield.
In the 1 H NMR spectrum of the above compound the presence of a characteristic N-H signal, located at δ 5.53, was observed. The signal, a doublet, J = 3.4 Hz, indicated the coupling of the lactam proton with a single atom of hydrogen, which can be only that at C-13. It is stated on the basis of this observation that the product of this Beckmann rearrangement of oxime 5 has the structure 6a. If the product had the structure 6b, the N-H proton would be coupled with two hydrogen atoms at C-11, and the signal for this lactam proton would be observed as a triplet. On the basis of the above evidence it can be stated that the starting oxime 5 was the E isomer. The structures of the less polar products was not established and so regiostructural tests were performed in order to establish them.
The lactam system in 3β-acetoxy-12-oxo-12a-aza-Chomoolean-28-oic acid methyl ester (6) is not a reactive function. It forms the appropriate thioxoderivative, named thiolactam (7) . The reaction is carried out in boiling benzene with Lavesson's reagent. After purification by column chromatography, the main product was obtained in a yield of about 88%.
In the IR spectrum of the newly obtained triterpene the alteration of the N-H signal was noticed. This was caused by the presence of a neighbouring thiocarbonyl group instead of the carbonyl one. The signal was observed at about 3395 cm -1 for thiolactam (for lactam: 3410 cm -1 ). The signal indicating the presence of a thiocarbonyl function was found at 1445 cm -1 . In the 1 H NMR spectrum of product 7, the thiolactam signal, observed at δ 7.77, had a higher value in comparison with the signal for a lactam system (δ 5.53). As in the case of the mother lactam, the signal for 7 had the form of a doublet. Comparison of the 13 C NMR spectra of thioazaderivative 7 and azaderivative 6 showed the change of the C-12 signal from δ 176.6 (lactam) to δ 208.2 (thiolactam). The molecular ion in the MS of the thiolactam was at m/z = 559.3, with an intensity of 100.00%, which confirmed the structure of the obtained product 7.
Experimental
General: The solvents used for experiments (pure or pure for analysis) were purchased from either Chempur or POCh; the other reagents were purchased from Sigma-Aldrich. TLC analysis (reactions progress and level of compounds purity) was conducted on HPTLC aluminum sheets (Merck, HPLC Alufolien Kieselgel 60 F245, Merck Art. 5547) with benzene: ethyl acetate mixtures in different ratios used as eluents. The chromatograms were vizualised by spraying them with 10% ethanolic sulphuric acid solution and then heating at about 110 o C for several minutes. Column chromatography was performed using Kieselgel 60; 0.063 -0.200 mm (70 -230 mesh), Merck. Melting points were determined using an open capillary method in a Kopfler apparatus and are uncorrected. IR spectra were recorded using a Specord IR-75 spectrophotometer, for 0.5% mixtures of tested compounds and KBr. The position of absortion bands is given in cm -1 , exact to ± 5cm -1 . NMR spectra for hydrogen ( 1 H) and carbon atoms ( 13 C) were recorded in CDCl 3 solutions using a Varian Gemini 300 VT apparatus, for frequencies of 300 MHz and 75 MHz, respectively, with Me 4 Si as the internal standard. The values for chemical shifts are given in δ, exact to ± 0.01 ppm and ± 0.1 ppm, respectively; J values are given exact to ± 0.1 Hz. The multiplicity of signals in 1 H NMR spectra are marked as follows: s -singlet, s/br/broad singlet, d -doublet, t -triplet, dd -doublet of doublets, dt -doublet of triplets. MS were recorded using an AMD 402 spectrometer with electroionisation. The m/z values are given exact to ± 0.1. HREIMS were also recorded using an AMD 402 spectrometer; m/z values are given exact to ± 0.0001. Elemental analyses (C, H, N) were performed with Perkin-Elmer 2400 CHN analyzer. The elucidation of the chemical structures was based on IR, 1 H NMR, 13 C NMR and MS analysis. -12-oxoolean-28-oic acid methyl ester (4) : To a solution of 3β-acetoxyolean-12-en-28-oic acid methyl ester (3, 5.13 g, 10 mmol) in dry chloroform (150 cm 3 ), a dry solution of m-CPBA (3.45 g, 20 mmol) in chloroform (50 cm 3 ) was added and the resulting solution was left at room temperature in darkness for 2 days. The mixture was washed with 5% solutions of FeSO 4 , Na 2 CO 3 , HCl and with water. The organic solution was dried with MgSO 4 , the solvent removed and the obtained solid (5.04 g) was subjected to column chromatography. Yield: 3.84 g, 72.6%. White needles (ethanol). MP: 198 -199 o C. R f : 0.82 (C 6 H 6 -AcOEt, 4:1), dark-yellow spot. Spectral data and melting point agreed with literature data [14] .
3β-Acetoxy

3β-Acetoxy-12-hydroxyiminoolean-28-oic acid methyl ester (5):
To a hot solution of 3β-acetoxy-12-oxoolean-28oic acid methyl ester (4, 5.28 g, 10 mmol) in ethanol (105 cm 3 ), hydroxylamine hydrochloride (3.47 g, 50 mmol) and anhydrous sodium acetate (6.56 g, 80 mmol) were added. The obtained mixture was refluxed for 3 h, cooled and poured into water (525 cm 3 ) slightly acidified with HCl, The resulted precipitate was filtered, washed with water and dried. Yield 
3β-Acetoxy-12-oxo-12a-aza-C-homoolean-28-oic acid methyl ester (6):
To a solution of 3β-acetoxy-12hydroxyiminoolean-28-oic acid methyl ester (5, 5 .44 g, 10 mmol) in dried pyridine (125 cm 3 ), phosphoryl chloride (2.8 cm 3 , 4.60 g, 30 mmol) was added dropwise with cooling. The obtained mixture was left at room temperature for one day and then poured into water (625 cm 3 ), slightly acidified with HCl. The resulting precipitate was filtered, washed with water, dried and subjected to column chromatography. Yield 
3β-Acetoxy-12-thioxo-12a-aza-C-homoolean-28-oic acid methyl ester (7):
To a hot solution of 3β-acetoxy-12-oxo-12a-aza-C-homoolean-28-oic acid methyl ester (6, 2.72 g, 5 mmol) in dry benzene (130 cm 3 ), Lavesson's reagent (2.02 g, 5 mmol) was added and the resulting solution was refluxed for 90 minutes. Next it was cooled, washed with a 5% solution of K 2 CO 3 and water. The organic solution was dried with MgSO 4 , the solvent removed and the obtained solid (2.63 g) subjected to column chromatography. Yield: 2.47 g, 88.3%. White, thick needles (ethanol). MP: 235 -237 o C. 
